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1. (a) The cytoskeleton is the internal soft skeleton of the cell, comprising 3 types of
protein. The microtubules are stiff, hollow tubes made from the protein tubulin, with a
persistence length of 3mm. They emanate from the centrosome, and small molecular
motors (dyneins and kinesins) transport their cargo of proteins to various parts of the
cytoplasm. The motors move from off the microtubules onto the actin filaments.
Microtubules aid cell division via the stored internal energy.

The actin cortex sits mainly below the plasma membrane and forms a 2D
network, providing support for the membrane, and allowing transport of protein cargo
on molecular motors.

Intermediate filaments are passive rope-like filaments of keratin for example.
They anchor to cell junctions, and link adjacent cells together (eg in the intestine).
Connective tissue between cells also contains a 3D network of intermediate filaments.

[30%]

1 (b). Myofibrils are the functional units of skeletal muscles, containing protein
filaments that make up the contractile unit. Each myofibril is segmented into numerous
individual contractile units called sarcomeres, each about 2.5 um long. The sarcomere
is made up primarily of two types of parallel filaments, designated as thin and thick
filaments. Viewed end-on, six thin filaments are positioned around each central thick
filament in a hexagonal arrangement. Viewed along its length, there are regions where
thin or thick filaments are overlapping or non-overlapping. At the end of the sarcomere
is a region, called the Z- line (or disc), where the thin filaments are anchored. Thin
filaments extend from the Z-lines at each end toward the centre, where they overlap
with the thick filaments. The regions where there is no overlap, containing thin
filaments only are called the I-bands, and the regions containing thick filaments (with
some overlap with the thin filaments) are called A-bands. The central region of the
sarcomere, containing only thick filaments is called the H-zone. During contraction,
both the H-zone and the I-bands shorten as the overlap between the thin and thick
filaments increases.

Thick filaments contain the protein Myosin while the thin filaments contain the three
proteins, actin, tropomyosin and troponin. The actin and the myosin together form the
contractile machinery of the muscle while the tropmomyosin acts as a mask for the actin
binding sites. v [30%)]

1. (¢) The persistence length &, = D/kT is the length along a molecule at which

directional correlation is lost. D = bending stiffness, £ = Boltzmann’s constant, T’ =
temperature. It gives the chain length between links, when representing the molecule by
a chain. When the contour length L of the molecule is much greater than the persistence
length, the fibre behaves in an entropic, rubber-like manner (eg spectrin, elastin, DNA).
Alternatively, when the contour length L of the molecule is much less than the
persistence length, the fibre behaves as a stiff, deterministic fibre (eg. Actin and
microtubules, and collagen fibres in skin). [20%]



1. (d) Consider an elastic vessel of cross-sectional area 4, in the unpressurised state.
The area increases to a value 4 under an internal pressure P according to 4= 4, +cP

where c¢ is the compliance of the cell wall. The higher the compliance the smaller the
pressure drop required to drive a given fluid flow. Veins are much more compliant than

arteries, and so the pressure drop across them is much less.
[20%)]
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